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Abstract 



Purpose 



To provide UV-absorbent monomers effectively absorbing light 
in the UV-A region and copolymer resin obtained by emulsion 
polymerization of the UV-absorbent monomer and the vinyl monomer. 

Conf igurat ion 

Chalcone derivative, characterized by the general formula, 
(Structure 1) 



(In the formula, R t and represent a hydroxy group or an alkoxy 
group of 1-10 carbon atoms; n and m represent integers from 0-3) 
and copolymer resins characterized by being obtained by emulsion 
polymerization of one or more of the chalcone derivative monomer 
or with other vinyl monomers. 



1. Chalcone derivative, characterized by the general 
formula, 
(Structure 1) 




Claims 
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(In the formula, R, and represent a hydroxy group or an alkoxy 
group of 1-10 carbon atoms; n and m represent integers from 0-3) . 

2. Copolymer resin characterized by being obtained by 
emulsion polymerization of one or more of the chalcone derivative 
monomer of Claim 1 or with other vinyl monomers. 

Detailed explanation of the invention 

[0001] 

Industrial application field 

The present invention concerns chalcone derivatives and 
their copolymers, extremely useful as UV absorbers when 
compounded with coating materials, plastics, synthetic fibers, 
etc. and also sunburn preventers in cosmetics. 

[0002] 

Conventional technology and problems to be solved by the 
invention 

UV absorbers are added to coating materials, plastics, 
synthetic fibers, etc., for prevention of degradation and 
discoloration of the substrates by UV radiation in the sunlight. 
Also, in cosmetics, UV absorbers are used for protection of skin 
from UV radiation having various effects on skin. UV radiation 
is classified depending on the wavelength range, namely, short- 



wavelength UV region (UV-C) of wavelength below 280 nm, medium- 
wavelength UV region (UV-B) of 280-320 nm, and long-wavelength UV 
region (UV-A) of wavelength 320-400 nm. 

[0003] 

Conventional UV absorbers have been used mainly for UV-B 
causing red spots and water bubbles. It has been known that UV-A 
promotes the darkening of skin and also causes skin aging with 
formation of stains and freckles, thus protection of skin from 
not only UV-B, but also UV-A is desirable. 

[0004] 

Various UV absorbers and inorganic pigments have been used 
for prevention of problems caused by UV-A. UV-A absorbers 
include dibenzoylmethane derivatives , benzotriazole derivatives, 
benzophenone derivatives, inorganic pigments including titanium 
oxide, zinc oxide, iron oxide , etc. 

[0005] 

However, increased content of UV absorbers in the cosmetic 
base may cause problems in solubility and use feel, and when 
applied on skin, they may cause irritation directly or in 
stimulated state achieved by UV absorption. 
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[0006] 

On the other hand, the above inorganic pigments do not 
undergo denaturation by UV and have very low transdermal 
absorption, with very low skin irritation. Large particles have 
weak absorption in the UV region, with excessive hiding, thus 
when applied on skin, whitening or coloration may occur, making 
applicability rather limited. 

[0007] 

To overcome such problems, fine particles of titanium oxide, 
etc. have been developed and used. However, when compounded in 
large amounts in cosmetics, the color on the skin may be bluish 
white with a heavy touch. 

[0008] 

Here, sealing the low-molecular-weight UV absorbers in 
copolymers or bonding them to the copolymers have been tried. 

[0009] 

However, when sealed in copolymers, the UV absorbers may 
ooze out of the resins. Even in the case of copolymer ization, 
the high molecular weight may result in poor dispersibility and 
touch. Thus, development of new UV absorbers is desired. 
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[0010] 



Under such circumstances, as a result of an intense study, 
we have discovered that the compounds defined below are extremely 
useful as UV absorbers. Thus, the present invention is attained. 



Namely, the objects of the present invention are UV- 
absorbing monomers effectively absorbing the light of UV-A region 
and also copolymer resins obtained by emulsion polymerization of 
one or more of such UV-absorbing monomers or such monomers 
together with other vinyl monomers. 

[0012] 

Means to solve the problems 

Such objectives can be achieved by chalcone derivatives, 
characterized by the general formula, 
(Structure 2) 



(In the formula, R, and R, represent a hydroxy group or an alkoxy 
group of 1-10 carbon atoms; n and m represent integers from 0-3) 
and copolymer resin characterized by obtained by emulsion 



[0011] 
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polymerization of such chalcone derivatives or together with 
other vinyl monomer. 



Next, the configuration of the present invention is 
described in detail. In the chalcone derivatives represented by 
the Structure 2, the alkoxy group of 1-10 carbon atoms 
represented by R t and Rj may be, e.g., a methoxy group, an ethoxy 
group, a n-propoxy group, an isopropoxy group, an n-butoxy group, 
a t-butoxy group, etc. 



Such chalcone derivatives represented by the Structure 2 of 
the present invention can be prepared by the method given below. 

[0015] 

(Structure 3) 



[0013] 



[0014] 



(R,)n 




(2) 



(3) 




(4) 
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[0016] 

First , benzaldehyde derivative (2) (Rj represents a hydroxy 
group or an alkoxy group of 1-10 carbon atoms; n represents an 
integer of 0-3) and acetophenone derivative (3) (R 2 represents a 
hydroxy group or an alkoxy group of 1-10 carbon atoms; m 
represents an integer of 0-3) are condensed in the presence of an 
acid catalyst (hydrogen chloride, etc.) or basic catalyst (NaOH, 
KOH, MeONa, etc.) at 0-100°C, preferably 20-50°C to obtain (4), 
then, in a solvent such as N,N-dimethylformamide, dimethyl 
sulfoxide., etc., the (4) is reacted with vinylbenzyl halide (5) 
(X represents Br, CI, I) in the presence of a base catalyst (KOH, 
NaOH, K 2 C0 3 , NaH, etc.) at ambient temperature to 200°C for 30 min 
to 20 h to obtain the chalcone derivatives (1) of the present 
invention represented by the Chemical formula 2. 

[0017] 

The chalcone derivatives of the present invention have the 
characteristic values (X^,, melting point, mass spectra) 
described later and absorb light in the UV-A region. 

[0018] 

The chalcone derivatives of the present invention have vinyl 
group thus are polymerizable, and by emulsion-polymerizing one or 
more of such derivatives or together with polymerizable monomers 



described later UV-absorbing copolymer resins can be obtained; 
thus they are very useful as UV-absorbing monomers. 

[0019] 

The vinyl monomers that can be emulsion-polymerized with the 
chalcone derivatives of the present invention are described 
below. 

[0020] 

(1) Carboxy group-containing monovinyl monomers such as 
acrylic acid, methacrylic acid, crotonic acid, itaconic acid, 
maleic acid, fumaric acid, etc. 

(2) Hydroxy group-containing monovinyl monomers, e.g., 2- 
hydroxyethyl aery late, hydroxypropyl acrylate, 2 -hydroxy ethyl 
methacrylate, hydroxypropyl methacrylate, hydroxybutyl acrylate, 
allyl alcohol, methallyl alcohol, etc. 

(3) Amide group, N-methylolamide group, alkoxy group- 
containing monovinyl monomers such as (meth) acrylamide, N- 
methylolated (meth) acrylamide, etc, 

(4) Nitrile group-containing monovinyl monomers such as 
acrylonitrile, methacrylonitrile, etc. 

(5) Nitrogen-containing alkyl group-containing monovinyl 
monomers such as dimethylaminoethyl acrylate, dimethylaminoethyl 
methacrylate, etc* 

(6) Sulfonic acid or its salt group-containing monovinyl 
monomers such as vinylsulf onic acid or styrenesulf onic acid or 
their salts. 
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(7) (Meth) acrylic acid alkyl esters such as methyl, ethyl, 
propyl, n-butyl, t-butyl, n-amyl, i-amyl, hexyl, octyl, nonyl, 
decyl, dodecyl, octadecyl, cyclohexyl, phenyl, benzyl 

(meth) aery late, etc. 

(8) Monovinyl esters such as vinyl acetate, vinyl 
propionate, vinyl butyrate, vinyl Versatate, etc. 

(9) Monovinyl ethers, such as alkyl vinyl ethers and 
substituted alkyl vinyl ethers, e.g., methyl vinyl ether, ethyl 
vinyl ether, n-propyl vinyl ether, isopropyl vinyl ether, n-butyl 
vinyl ether, isobutyl vinyl ether, t-butyl vinyl ether, n-pentyl 
vinyl ether, n-hexyl vinyl ether, n-octyl vinyl ether, 2- 
ethylhexyl vinyl ether, chloromethyl vinyl ether, chloroethyl 
vinyl ether, benzyl vinyl ether, phenylethyl vinyl ether, etc.; 
cycloalkyl vinyl ethers, e.g., cyclopentyl vinyl ether, 
cyclohexyl vinyl ether, methylcyclohexyl vinyl ether, etc.; 
(per) f luoroalkyl vinyl ethers, e.g., trif luoromethyl vinyl ether, 
pentafluoroethyl vinyl ether, tetraf luoroethyl vinyl ether, 
tetraf luoropropyl vinyl ether, heptaf luoropropyl vinyl ether, 
etc. 

(10) Other vinyl monomers include vinyl halides such as 
vinyl chloride, vinylidene chloride, etc.; unsaturated dibasic 
acid dialkyl esters such as dialkyl esters of maleic acid, 
fumaric acid, or itaconic acid; styrenes such as styrene, 
vinyltoluene; monoenes and dienes such as ethylene, butadiene, 
etc.; silane-containing monovinyl monomers such as 
vinyltrichlorosilane, vinyltriethoxysilane, etc.; glycidyl group- 
containing monovinyl monomers such as (methyl) glycidyl 

(meth) aery late, etc. 



(11) Poly functional crosslinking monomers containing two or 
more polymer izable unsaturated bonds in a molecule, such as 
ethylene glycol dimethacrylate, 1,3-butylene glycol 
dimethacrylate, 1,4-butylene glycol dimethacrylate, propylene 
glycol dimethacrylate, divinylbenzene, trivinylbenzene, diallyl 
phthalate, ethylene glycol diacrylate, 1,3-butylene glycol 
diacrylate , etc . 

[0021] 

Usually, the following emulsifiers and catalysts may be used 
in the manufacture of UV-absbrbing copolymer resins of the 
present invention. 

[0022] 

Emulsifiers may be anionic emulsifiers, nonionic 
emulsifiers, cationic emulsifiers, reactive emulsifiers, acrylic 
oligomer surfactants, etc. They may be used singly or as 
mixtures thereof. Nonionic surfactants are polyoxyethylene 
alkylphenol ethers, polyoxyethylene alkyl ethers, polyoxyethylene 
fatty acid esters, ethylene oxide-propylene oxide block 
copolymers, etc. Anionic emulsifiers are alkylbenzenesulfonic 
acid alkali metal salts, alkyl sulfate alkali metal salts, 
polyoxyethylene alkylphenol sulfate alkali metal salts, etc. 



[0023] 



The catalysts may be water-soluble inorganic peroxides and 
persulfate salts, such as hydrogen peroxide, ammonium persulfate, 
etc.; organic peroxides such as cumene hydroperoxide, benzoyl 
peroxide, etc. ; azo compounds such as azobisisobutyronitrile, 
etc. 

[0024] 

The UV-absorbing copolymer resins can be prepared by the 
following manner. In a reaction vessel fitted with a stirrer, 
reflux condenser, thermometer, etc. an emulsifier is dissolved in 
water, followed by addition and stirring of the above 
polymer izable monomers, catalysts, and UV-absorbing monomers at 
50-100°C for emulsion polymerization. After the polymerization, 
the fine resin particles formed are filtered out, washed, and 
dried at ambient temperature or higher to obtain resin powders. 
For safety, the residual unreacted monomers and solvents may be 
extracted by supercritical gases. 

[0025] 
Examples 

Next, the present invention is explained with examples. 
However, the present invention is not limited to such examples. 



[0026] 



Application Example 1 

Synthesis of 3 , 4 , 5-trimethoxy-4 ' -vinylbenzyloxychalcone 

In ethanol (83 mL) were dissolved 9-81 g (50.0 mmol) of 
3 , 4 , 5-trimethoxybenzaldehyde and 6.81 g (50.0 mmol) of 4'- 
hydroxyacetophenone , followed by gradual dropwise addition of a 
sodium hydroxide solution (3.41 g of sodium hydroxide dissolved 
in 10 mL of water) to the resulting solution, stirring at 50°C 
for 24 h, cooling, neutralizing with addition of 2N hydrochloric 
acid, adding water, filtering out the crystals, washing the 
crystals with ethanol, and drying the crystals in vacuo to obtain 
12.0 g (yield 76.0%) of 3 , 4 , 5-trimethoxy-4 ' -hydroxychalcone. 
Next, a solution of 1.00 g (3.18 mmol) of the 3 , 4 , 5-trimethoxy- 
4 ' -hydroxychalcone in N,N-dimethylf ormamide (10 mL) was treated 
with 0.48 g (3.50 mmol) of anhydrous potassium carbonate and 0.48 
mL (3.50 mmol) of vinylbenzyl chloride, followed by heating and 
stirring at 60 °C for 24 h, cooling to room temperature, 
extracting with ethyl acetate, washing with water, drying the 
organic layer over anhydrous sodium sulfate, concentrating in 
vacuo, washing the resulting crystals with hexane, and vacuum 
drying to obtain 1.24 g (yield 91.0%) of 3 , 4 , 5-trimethoxy-4 ' - 
vinylbenzyloxychalcone as light-yellow crystals. Characteristic 
values are given in Table I. 



15 



[0027] 



Table I 
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Key 1 Application Example 

2 Names 

3 Molar extinction coefficient 

4 Mass spectrum 

5 Melting point 

6 2,3, 5-Tr imethoxy-4 * -vinylbenzyloxychalcone 

7 4-Methoxy-4 ' - vinylbenzyloxychalcone 

8 4-Ethoxy-4 ' -vinylbenzyloxychalcone 



9 3 , 4-Dimethoxy-4 ' -vinylbenzyloxychalcone 

10 4-Methoxy-3 ' -methoxy-4 ' -vinylbenzyloxychalcone 



[0028] 



Application Examples 2-10 



Using the raw materials shown in Table II, Application 
Example 1 was repeated to synthesis the compounds of Application 
Examples 2-10. 



[0029] 



Table II 
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Key 1 Application Example 

2 Benzaldehyde derivatives 

3 Acetophenone derivatives 

4 Products 

5 4 -Me thoxy ben z a Idehyde 

6 4-Ethoxybenzaldehyde 

7 3 -Methoxy benz a Idehyde 

8 3 , 4-Dimethoxybenzaldehyde 

9 3 , 5-Dimethoxybenzaldehyde 

10 3,4, 5-Trimethoxybenzaldehyde 

11 4 ' -Hydroxyacetophenone 

12 2 ' -Hydroxyacetophenone 

13 4 ' -Hydroxy- 3 ' -me thoxy acetophenone 

14 2 ' -Hydroxy-4 ' -methoxy acetophenone 

15 2 f -Hydroxy-6 ' -methoxyacetophenone 

16 4-Methoxy-4 ' -vinylbenzyloxychalcone 

17 4-Ethoxy-4 ' -vinylbezyloxychalcone 

18 3 -Methoxy-4 1 -vinylbenzyloxychalcone 

19 3 , 4-Dimethoxy-4 1 -vinylbenzyloxychalcone 

20 3 , 5-Dimethoxy-4 1 -vinylbenzyloxychalcone 

21 4-Methoxy-2 9 -vinylbenzyloxychalcone 

22 4-Methoxy-3 ' -methoxy-4 9 -vinylbenzyloxychalcone 

23 3 , 4-Dimethoxy-4 ' -methoxy-2 * -vinylbenzyloxychalcone 

24 3,4, 5-Trimethoxy-6 9 -methoxy-2 ' -vinylbenzyloxychalcone 



[0030] 



Among them, as a representative example, the characteristic 
values with the vinylbenzyloxy group at the 4* -position are given 
in Table I. 
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[0031] 

Application Example 11 

Manufacture of UV-absorbing copolymer resins 

In a reaction vessel fitted with a stirrer, reflux 
condenser, dropping funnel and thermometer 140 g of water and 
1.5 g of polyoxyethylene octyl dodecyl ether were stirred, 
followed by heating the contents to 70 °C, adding a mixture of 
20 g of 3 , 4 , 5-trimethoxy-4 ' -vinylbenzyloxychalcone as the UV- 
absorbing monomer, 50 g of methyl methacrylate, 25 g of styrene, 
2 g of methacrylic acid, and 3 g of divinyl benzene as the 
polymerizable monomers, 0.4 g of potassium persulfate, and 13 g 
of water over a period of about 3 h, then aging for 45 min, 
cooling, filtering to obtain fine resin particles, washing the 
particles with water, and vacuum drying to obtain 90 g of resin 
with average particle diameter 0.27 /*. 

[0032] 

Application Examples 12-16 

Resin particles were obtained by repeating Application 
Example 1 using UV-absorbing monomers and vinyl monomers shown in 
Table III. 
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[0033] 



Table III 
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Note 1) Symbols for the polymer izable monomers 

MMA • . . methyl methacrylate 

BA . • . n-butyl acrylate 

CHVE . . . cyclohexyl vinyl ether 

MAA . . • methacrylic acid 

St . • . . styrene 

IBVE . . . isobutyl vinyl ether 

DVB ♦ . • divinylbenzene 
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IBMA . . . hydroxybutyl vinyl ether 

EGDM . . . ethylene glycol dimethyl methacrylate 

Key 1 Application Example 

2 UV-absorbing monomer 

3 Polymerizable monomer composition (in g) 

4 4-Methoxy-4 9 -vinylbenzyloxychalcone 

5 3 , 4-Dimethoxy-4 ' -vinylbenzyloxychalcone 

6 4-Methoxy-3 ' -methoxy-4 ' -vinylbenzyloxychalcone 

7 3 , 4-Dimethoxy-3 ' -methoxy-4 ' -vinylbenzyloxychalcone 



[0034] 



Table IV shows the characteristics of the resins obtained in 
Application Examples 11-16. 
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fie) 





1) Thermal decomposition temperature: by differential thermal 
analysis in N 2 . 

2) Polymer solubility: 1 g of fine powder washed 3 times with 10 
mL of each butyl acetate, toluene, n-butanol, acetone, and n- 
heptane and visual observation after centrifugal separation of 
about 1 h. 



Key 1 Application Example 

2 Appearances 

3 Fine white powder 

4 Shape 

5 Pearly 

6 Average particle diameter (/i) 

7 Specific gravity 

8 Thermal decomposition temperature 

9 Polymer solubility 

10 Insoluble 



[0036] 



Effects of the invention 



As described above, the present invention provides UV- 
absorbing monomers and copolymer resins obtained by emulsion 
polymerization of such monomers and vinyl monomers, which absorb 
light in the UV-A region effectively. 
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